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An abnormal increase in pulmonary thallium activity
may be visualized on post-stress thallium images in pa-
tients with coronary artery disease. Because this in-
creased pulmonary thallium activity usually disappears
by the time of redistribution imaging, this study was
designed to assess whether measurement of the degree
of pulmonary thallium washout between stress and reo
distribution might improve the detection of increased
pulmonary thallium activity in patients with coronary
artery disease. Quantitative analysis revealed abnormal
(that is, > 2 standard deviations of normal values) pul-
monary thallium washout in 59 (64%) of 92 patients with
coronary artery disease, but in only 2 (25%) of 8 subjects
with angiographically normal arteries (p < 0.06). By
comparison, the visual analysis of pulmonary thallium
washout and use of initial pulmonary to myocardial thal-
lium ratio were significantly (p < 0.05) less sensitive in
detecting abnormality in patients with coronary artery
disease. Abnormal pulmonary thallium washout was re-
After exercise, an increa se in pulmonary thallium activity
is often visualized on anterior view scintigrams in patient s
with coronary artery disease (I) . Both experi mental studies
and clinical evidence sugges t that this increased pulmonary
activity is directly related to the develo pment of left ven-
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lated to both the anatomic extent and functional severity
of disease: it occurred with greatest frequency in patients
with multivessel disease and in those with exercise-in-
duced left ventricular dysfunction (p < 0.005). When
added to the quantitative analysis of myocardial scintig-
raphy, the analysis of pulmonary thallium washout in-
creased the detection of coronary artery disease from 84
to 93% (p < 0.05), but the sample size was too small to
assess specificity.
Thus , the analysis of pulmonary thallium washout is
a useful diagnostic variable because it: 1) provides an
objective measurement of abnormal pulmonary thallium
activity and is more sensitive than other methods; 2)
correlates with both the extent of coronary artery disease
and the degree of exercise-induced left ventricular dys-
function , and 3) improves the sensitivity of quantitative
myocardial thallium scintigraphy to detect the presence
of coronary artery disease.
tricular dysfunction with exercise (1-3) , but abnormal pul-
monary thallium activity has been noted to be visible in less
than 30% of patients with coronary artery disease (I) . Im-
proved detection of abnorma l pulmonary thallium activity,
however , was achieved by Kushner et al (4) by expressing
the degree of pulmonary thallium activ ity as a quantitative
fraction of the myocardial value. This approach also has the
advantage of being more objec tive . But with abnorm al pul-
monary to myocardial thallium ratios present in less than
40% of patients with coronary artery disease (4), this method
is a considerably less sensitive index of abnormality than
other commonly measured scintigraphic variables during
stress . An abnormal ejection fraction response during ex-
ercise, for example , is usually observed in 70 to 90% of
patients with coronary artery disease (5- 7) . One possible
reason for this limitation is the obvious dependence of the
initial pulmonary to myocardial thallium ratio on the myo-
cardial value. That is, there is the potential that an abnormal
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elevationof pulmonarythalliumactivity may be " masked"
by a high myocardial thallium value, or conversely, that a
low myocardial value, rather than a high pulmonary value,
may be the reason for an " abnormal" ratio. In this respect,
a measurement of pulmonary thallium activity that is in-
dependent of myocardial thallium activity might be more
desirable.
One approach to the independent analysis of pulmonary
thallium activity might be assessment of the degree of pul-
monary thallium washout between stress and redistribution
imaging. Our rationale for this approach is based on our
experience with the visual analysis of thallium scintigrams:
in agreement with others (4), we noted that when an initial
increase in pulmonary thallium activity occurs in patients
after stress, this activity usually disappears by the time of
redistribution imaging. The degree of this pulmonary thal-
lium washout has heretofore not been systematically ana-
lyzed. Because an initial increase in pulmonary thallium
activity is usually not seen in normal subjects, the relative
degree of pulmonary thallium washout may vary between
normal subjects and those with coronary artery disease
undergoing stress-redistribution thallium myocardial scin-
tigraphy. If so, the quantitation of this washout might pro-
vide an objective means of detecting abnormal pulmonary
activity, independent of the degree of myocardial thallium
uptake. To test this hypothesis, we developed a quantitative
method for the analysis of pulmonary thallium washout be-
tween stress and redistribution and applied the new method
to normal subjects and patients withcoronary artery disease.
Methods
Study patients. The study group consisted of 100 pa-
tients who underwent thallium-20 I stress-redistribution
myocardial scintigraphy in our laboratory and included 92
patients with angiographically documented coronary artery
disease (30 of whom had a previously documented myo-
cardial infarction). The mean age of these 92 patients was
58 :!: 10 years and 79 were male. The normal group con-
sisted of the eight remaining patients who had normal coro-
nary arteriograms; the mean age of this group was 55 ± 6
years and four were male. The test limits for pulmonary
thallium washout were developed from a reference group
of 39 patients with less than I% probability of coronary
artery disease before thallium scintigraphy. after serial
Bayesian analysis of age, sex, symptoms. cardiac risk fac-
tors and the results of exercise electrocardiography and car-
diac fluoroscopy for coronary calcification (8- 10). The mean
age of this group was 49 :!: 6 years and 28 were male.
Stress thallium scintigraphy. After withholding beta-
receptor blocking medication for 24 hours before testing, a
treadmill stress test was performed in the fasting state using
the standard Bruceprotocol and 12leadelectrocardiographic
monitoring. Exercise was maximal and was terminated by
the physician only for severe angina, serious ventricular
arrhythmia or the development of exercise hypotension.
Thallium-20I, at a dose of I mCi/33.75 kg of body weight,
up to a maximal does of 3 mCi per patient, was injected at
near maximal exercise, and exercise was continued for an
additional 60 to 90 seconds. Serial, multiple view myo-
cardial scintigrams were obtained, beginning approximately
6 minutes (immediate post-stress imaging) and 3 to 6 hours
(redistribution imaging) after the injection of thallium ( I I).
For each phase of imaging, 10minuteimages wereobtained
in the anterior, 45° and 70° left anterioroblique projections.
Imagingwas performedusing a standard field of view Anger
camera, equipped with 37 photomultiplier tubes, a Y4 inch
(0.64 ern ) thick Nal crystal, and a high resolution , parallel
hole collimator. A 25% energy window centered on the 80
keY X-ray peak and an independent 15% energy window
centered on the 167 keY photopeak were used. All scinti-
grams were recorded by a computer in a 128 x 128 byte
mode matrix and on Polaroid film with a triple lens camera.
Exercise radionuclide ventriculography. Ninety-five
of the 139 patients also underwent multigated equilibrium
blood pool exercise radionuclide ventriculography on a sep-
arate occasion (12), including 25 patients with prior myo-
cardial infarction and 70 without infarction. These patients
were injected with 25 mCi of in vitro labeled autologous
red blood cells and then placed on an upright bicycle er-
gometer. With a gamma camera, equipped with an all-pur-
pose collimator, positioned in the 40 to 45° left anterior
oblique position, patients performed graded stress, begin-
ning at a work load of 200 kprn (2,000 Jl/rnin, and increas-
ing by 200 kprn/min for every 3 minutes of exercise. Im-
aging was performedduring the last 2 minutes of each stage
of exercise. After light pen designation of end-diastolic,
end-systolic and left paraventricularbackground regions of
interest, the ejection fraction was calculated as the number
of stroke counts divided by the background-corrected end-
diastolic counts.
Quantitative myocardial thallium analysis. Quantita-
tive analysis of the initial distribution and percent washout
of thallium from the myocardium was obtained by perform-
ing interpolative background subtraction, standard 9 point
weighted average smoothing, apexalignment and generation
of maximal myocardial count circumferential profi les both
for the initial distribution of thallium and the percent wash-
out of thallium. Abnormalities of the initial stress distri-
bution of thalliumand percent washout during redistribution
were defined by comparison of individual patient profiles
with previously determined lower limits of normal. Our
methodology for this analysis has been described previously
(13).
Pulmonary thallium analysis. The analysis of pul-
monary thallium activity was performed both visually and
quantitatively.
Visual analysis. To assess the degree of pulmonary thal-
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lium washout visually, the stress and redistribution anterior
view images were compared. A 4 point scoring system was
employed in which: 0 = absence of pulmonary thallium
activity after stress (Fig . IA). This pattern was considered
"normal." I = mild or moderate increase in stress pul-
monary thallium activity without significant change on the
redistribut ion images (Fig . 18 and C) . These patterns were
considered " equivocal." 2 = mild or moderate increase in
stress pulmonary thallium activity with disappearance at the
time of redistribution imaging (Fig. 1D and E). These pat-
terns were considered definitely abnormal. 3 = markedly
increased stress pulmonary thallium activity approaching the
intensity of myocardial thallium activity with disappearance
at the time of redistribution imaging (Fig. IF).
Quantitative analysis. Quantitative analysis of pulmo-
nary thallium activity was performed using two methods:
I) pulmonary thallium washout, representingour new method,
and 2) the initial pulmonary to myocardial thallium ratio ,
represent ing a modification of a previously described ap-
proach (4) .
Pulmonary thallium washout. For this determination , the
pulmonary thallium activity (PTA) at stress and redistri-
bution was determined as the average counts per pixel within
a 10 x 10 pixel region of interest placed in the medial
aspect of the left upper lung field of the anterior view image,
approximately 5 pixels superior to the myocardial antero-
Figure 1. Representative examples of the stress and redistribution
anterior view thallium- 201 images showing 0, 1+ , 2 + and 3 +
lung activity. Listed below these values is the pulmonary thallium
washout value (QPTIW) for the same scans. Abn = abnormal.
lateral segment and 5 pixels lateral to the mediastinal photon
deficient area (Fig. 2A). The degree of pulmonary thallium
washout was then expressed as the following fraction:
(Stress PTA - Redistribution PTA)/Stress PTA'
Initial pulmonary to myocardial thallium ratio . This de-
termination was obta ined by dividing the pulmonary thal-
lium activity at stress (analyzed as described) by the myo-
cardial activity. The myocardial value was determined as
the myocardial pixel with maximal counts from a region of
interest placed over the myocardium in the same anterior
view image (Fig. 2B).
To test inter- and intraobserver agreement in the mea-
surement of pulmonary thallium washout, repeat measure-
ments of the value were performed twice by the same com-
puter operator on 40 randomly selected patients (10 normal
subjects and 30 patients with coronary artery disease) and
once by a second computer operator.
Scintigraphic test criteria for the analysis of pulmo-
nary thallium activity. For visual analysis, scores of 2 and
3 were considered abnormal. For quantitative analysis of
pulmonary thallium washout and the inital pulmonary to
myocardial thallium ratio, abnormal activity was defined as
values that were > 2 standard deviations above the mean
value in the patients with less than 1% probability of coro-
nary artery disease . Similarly, twice the standard deviation
of the pulmona ry to myocardial thallium ratio in the patients
with less than I% probability of coronary disease was used
to define the normal limits of this value. This group was
utilized for determining " normal" limits for practical rea-
sons; our present patients with a normal coronary arterio-
gram manifest a high frequency of abnormal cardiac func-
St ress
Redistribution
QP TIW
(Abn > AI)
norma l
o
.27
equivoca l
1+
.33 .30
2+
.45 .48 .
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Figure 2. A, For the determination of pulmonary thallium wash-
out (QPTIW), pulmonary thall ium activity (QPTIA) was deter-
mined from a 10 X 10 pixel region of interest placed over the
medial aspect of the left upper lung field on the anterior view
thalIium stress (ST) and redistribution (RD) scintigrams. B, For
determination of the pulmonary to myocardial thallium rauo
(QPTlm), the pulmonary thallium activity (QPTIA) at stress (ST)
was compared with the maximal myocardial thallium value (rn)
derived from a region of interest placed overthe entire myocardium.
tion (14). This low probability group was not used, however,
for assessing test specificity (15).
Coronary angiography. Selective coronary cinean-
giography, using the Judkins technique, was performed in
multiple views. Significant stenosis was considered present
when there was 50% or greater narrowing of a major coro-
nary artery.
Statistical analysis. McNemar's test was used to assess
the significance of the difference between the sensitivity and
specificity of the visual analysis of pulmonary thallium
washout, quantitative analysis of pulmonary thallium wash-
out and quantitative analysis of the pulmonary to myocardial
thallium ratio in regard to overall detection of coronary
artery disease. It was also used to determine the ability of
B
ST
QPTlm
o
••
QPTIAs T
m
each test to distinguish patients with single vessel disease
from those with multivessel disease. When expected cell
frequencies were less than fi ve, the binomial test was used
to assess significance.
In addition, differences in the quantitatively determined
mean pulmonary thallium washout, for the normal, less than
I% probability and the one, two and three vessel coronary
artery disease groups were assessed by a one way analysis
of variance followed by Scheffe's test for multiple com-
parisons. These data were also subjected to a trend test to
determine whether a signifi cant pattern among the group
mean values existed.
The relation between pulmonary thallium washout and
global left ventricular ejection fraction was assessed by means
of a bivariate regression analysis. For all analyses, proba-
bility [p] values of 0.05 or less were considered statistically
significant.
Results
Pulmonary thallium activity and washout in pa-
tients with coronary artery disease and normal sub-
jects. Table I shows the mean pulmonary counts per pixel
at stress and redistribution for each patient subgroup. After
stress, the degree of pulmonary thallium activity varied with
the extent of disease but the activity was similar at 4 hours,
regardless of the extent of disease. The mean values of
quantitatively determined pulmonary thallium washout for
the normal patients (that is, those with normal coronary
arteriograms or less than I% disease probability) and the
patients with one, two and three vessel coronary artery dis-
ease are shown in Figure 3. The mean pulmonary thallium
washout value was higher in the patients with coronary
artery disease then in the normal groups, and this value
increased as the severity of disease increased (p < 0.05).
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Table I. Pulmonary Thallium Counts After Stress and at
Redistribution Imaging
Mean Counts Mean Counts at
Patient Group After Stress Redistribution
< 1% probab iluy of disease 3.600 ::!: 900 2,400 ::!: 400
Normal coronary arteriograms 3.800 ::!: 500 2,400 ::!: 400
Coronary artery disease
I vessel 3.900 :!: 1.100 2,400 :!: 700
2 vessel 4, 100 ::!: 1.000 2,400 ::!: 600
3 vessel 4,600 ::!: 1,500 2,400 ::!: 600
Figure 3. Comparisonofthe pulmonary thalliumwashout (QPTLW)
values in the 139 patients subgrouped by disease category . The
bars indicate mean value ::!: standard deviation. The dashed hor-
izontal line represents a pulmonary thallium washout value of
0.41 (mean ::!: 2 standard deviations). < 1% = patients with a
less than I% probability of coronary artery disease: NCA = pa-
tients with normal coronary arteriograms; IV. 2V and 3V = pa-
tients with one . two and three vessel coronary artery disease,
respectively.
.7
.6 • ..
.5 '. ~ I 11~:l(- - -jl- - -~t - - - --! ----r -
.2 ....
Abnormal
ScoresNormal Scores
Pauent Group 0 1+ 2+ 3 +
Coronary artery 25% 21% 43% 11%
disease (n =92)
Normal coronary 50% 38% 13% 0%
artenograms (n =8)
Table 2. Visual Analysis of Pulmonary Thallium Activity
to myocardial ratio. Quantitative measurements of pulmo-
nary thallium activity increased as the visual scores in-
creased, but even with visual scores of zero, a fair number
of counts were present in the pulmonary region of interest
(mean = 3,600 ± 900 counts).
Comparative accuracy of the three techniques. The
quantitative analysis of pulmonary thallium washout was
significantly (p < 0.05) more sensitive in detecting abnor-
mality in the patients with coronaryartery disease than either
the visual analysis of pulmonary thallium activity or the
analysis of the pulmonary to myocardial thallium ratio (Ta-
ble 4). This enhanced detection occurred primarily in pa-
tients with multivessel disease. An abnormal visual pul-
monary thallium activity pattern was present in 40 (58%)
of the 69 patients with multivessel disease and an abnormal
pulmonary to myocardial ratio in only 29 (42%); abnormal
pulmonary thallium washout was present in 49 (71% ) of
these patients (p < 0.05 versus the other two methods).
The detection of abnormal pulmonary thallium activity
was similar among the 23 patients with single vessel disease
regardless of technique: 10 (43%) were detected by visual
analysis. 9 (39%) by the pulmonary to myocardial thallium
ratio and 10 (43%) by pulmonary thallium washout (p =
not significant INS]). Among the subjects with angiograph-
ically normal coronary arteries, there was also no significant
difference in the frequency of abnormal pulmonary thallium
activity by the three methods of analysis (Table 4). How-
ever, the number of patients with normal coronary arter-
iograms was too small to permit an accurate analysis of
specifi city.
Maximal myocardial counts: relation to the technique
for assessing pulmonary thallium activity. The mean value
± standard deviation for maximal myocardial counts in the
patients with coronary artery disease with both abnormal
visual and quantitative pulmonary thallium washout was 147
± 30. By comparison. the maximal myocardial count was
significantly higher (p < 0.05) in the patients with abnormal
quantitative analysis but normal visual analysis of pulmo-
nary thallium washout (163 ± 40) . The mean value ±
standard deviation for maximal myocardial counts in the
patients with coronary artery disease with both abnormal
quantitative pulmonary thallium washout and an abnormal
initial pulmonary to myocardial thallium ratio was 142 ±
3V2VIV<1% NCA
, Normal'
.1
In each group. the mean pulmonary thallium washout value
was similar among smokers and nonsmokers. For diagnostic
purposes, the level of pulmonary thallium washout was con-
sidered "abnormal" if it was 41% or more (that is, > 2
standard deviations above the mean value in patients with
less than I% coronary artery disease probability). This high
level was present in only 2 (25%) of the 8 patients with
normal coronary arteriograms but in 59 (64%) of the 92
patients with coronary artery disease (p < 0.06) . The in-
traobserver agreement for determining pulmonary thallium
washout was 94% and the interobserver agreement was 92%.
Correlation among the methods of analyzing pul-
monary thallium activity. In addition to the analysis of
pulmonary thallium activity by pulmonary thallium wash-
out, the frequencyof increasedthallium uptake in the normal
subjects and patients with coronary artery disease was also
evaluated by visual analysis (Table 2) and by determining
the pulmonary to myocardial thallium ratio (Fig. 4). Table
3 illustrates the correspondence of the visual scores with
the amount of pulmonary thallium activity after stress. the
degree of pulmonary thallium washout and the pulmonary
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washout. The two subject s with angiographically normal
coronary arteries and abnormal pulmonary thallium washout
also had an abnormal decrease in left ventricular ejection
fraction with exercise and quantitative myocardial abnor-
malitie s (Table 5). Hence , utilizing abnormal pulmonary
thallium washout as a "marker" of coronary artery disease
in conjuction with quantitative myocardial thallium analysis
improved the sensitivity of the test. This impro ved identi-
fication occurred primarily in patient s with multivessel coro-
nary disease.3V2VIVNCAI<1"-I
5
.1
.6
.7
•
. t I--i--
I
---- ---.:: .!.------lr-----·-:£r----i -· ·
.2 .... :- : ~
~ .4
<l
~ .3
Normal
Figure 4. Comparison of the initial pulmonary to myocardial thal-
lium (PTAIM) ratios according to disease category. The dashed
horizontal line represents a pulmonary to myocardial ratioof 0.30
(mean ± 2 standard deviations). Abbreviations as in Figure 3.
33. Again , the maximal myocardial count was significantly
higher (p < 0.05) in the patients with abnormal quant itative
pulmonary thallium washout , but a normal pulmonary to
myocardial thall ium ratio (160 ± 30).
Relation between pulmonary thallium washout and
global left ventricular ejection fraction response to ex-
ercise (Fig. 5). Rest ejection fraction values ranged from
0.28 to 0.88 (mean = 0.57 ± 0.10). An inverse correlation
was noted between pulmonary thallium washout values and
the change in left ventricular ejection fraction from rest to
exercise (r = - 0.47 , P < 0.005). The correlation was
essent ially the same (r = - 0.49) if the 25 patients with
previous myocardial infraction were excluded.
Combined quantitative myocardial and pulmonary
thallium washout. The quantitative analy sis of the initial
myocardial thallium distribution and washout revealed myo-
cardial abnormalities in 77 (84%) of the 92 patient s with
coronary artery disease . The se quantitative myocardial ab-
normalities were also present in five of the eight patients
with angiographically normal arterie s. Of the 15 patient s
with coronary artery disease with normal myocardial thal-
lium scintigrams by quantitative analysis , 9 had abnormal
values for pulmonary thall ium washout and 6 of the 9 had
multivessel disease . Among the three patients with angio-
graphically normal arteries with normal myocardial scinti-
grams, none demon strated abnormal pulmonary thallium
Discussion
Analysis of pulmonary thallium washout. In this study,
we compared the degree of pulmon ary thallium activity in
normal subjects and patients with coronary artery disease
by a new objective method : the analysis of pulmon ary thal-
lium "washout." Thi s measurement was obtained quant i-
tatively by determining the relative change in pulmonary
thallium activity from stress to redistribution without reli-
ance on measurement of myocardial thallium activity. Our
results indicate that the degree of pulmonary thallium wash-
out is frequently increa sed in patients with coronary artery
disease , but not in normal subjects . Abnormal pulmon ary
thallium washout was present in 54 of the 92 patients with
coro nary artery disease , but in only 2 of the 8 subjec ts with
angiographically normal arteries. Thu s, it appear s that pul-
monary thallium washout can be used as an addition al di-
agnostic marker of coronary artery disease in patients
undergoing stress-redistribution thallium scintigraphy.
Comparison with other methods of analyzing pul-
monary activity. Abnormal pulmonary thallium activity
can also be detected by visual analysis (1,2) or quantit a-
tively, by comparing the degree of pulmonary thallium ac-
tivity with that in the myocardium after stress (4). For the
latter approach, high ratios are abnormal and have been
described as a marker of coronary artery disease (4). In the
present study, the analysis of pulmon ary thallium washout
was more sensitive than the other two methods for detecting
abnormal pulmonary activity in patients with coronary artery
disease. Several factor s may have accounted for this
observatio n.
Table 3. Comparison of Visual Scores with the Quantitative Analyses of Pulmonary Thallium Activity
Number of Pulmonary to
Pulmonary Pulmonary Myocardial
Visual Score Counts After Stress* Thallium Washoutt Thallium Ratiot
0 3.600 :t 900 0.33 ± 0.08 0.22 ± 004
I 3.700 ± 900 0.34 ± 0.08 024 ± 0.04
2 4 ,300 ± I, 100 0.46 ± 0.07 0. 30 ± 0.06
3 6,400 ± 1.800 0.53 ± 006 0.43 ± 0.08
*p < 0.0 1 by Kruskal Wallis. t p < 0.00 1 by analysis of variance.
All quantitative values corresponding to visual scores of 2 or 3 were Significantly greater (p < 0.05) than values corresponding to scores of aor I
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Figure 5. Correlation of the pulmonary thallium washout value
with thechange in left ventricular ejection fraction (.1 LVEF) with
exercise in the 95 patients undergoing both stress-redistribution
thallium scintigraphy and exercise radionuclide ventriculography,
An inverse relation was noted,
First, with respect to visual analysis, we considered
"equivocal" interpretations (scores of 1) as normal. Had
we considered these equivocal elevations in pulmonary ac-
tivity as abnormal, the sensitivity of the test would have
increased, but at the cost of a significant reduction in spec-
ificity. Of the patients with coronary artery disease, 21%
had an equivocal interpretation of the pulmonary thallium
pattern, but so did 38% of the angiographically normal
subjects and 33% of the patients with a low probability of
coronary artery disease. The frequency of visual abnor-
malities in our patients was higher than that previously re-
ported by others. This may be a reflection of our stringent
comparison of the degree of pulmonary thallium activity on
the initial images with that seen at 4 hours. Thus, a mild
increase in pulmonary thallium activity associated with marked
disappearance at 4 hours was considered abnormal.
Second, the visual interpretations may have been influ-
enced by the degree of photographic exposure, Underex-
posed images tend to make abnormalities appear more' 'nor-
mal," while overexposure tends to do just the opposite (Fig,
6). In part, we overcame this limitation by using a triple
lens camera to photograph our analog images with three
different intensities of exposure, but this problem was not
always avoidable. Because the degree of image exposure
will not affect the quantitation of pulmonary thallium ac-
tivity, it was not a factor in our analysis of pulmonary
thallium washout. More importantly, the visual impression
of pulmonary thallium activity is probably affected by the
myocardial level of thallium activity, as suggested by the
higher peak myocardial levels in the patients with abnormal
pulmonary thallium washout but a normal visual interpre-
tation of the pulmonary pattern.
The major potential limitation to the use of the pulmonary
to myocardial thallium ratio might also be related to the
dependence on the initial myocardial value. It is possible
that in expressing pulmonary thallium activity as a fraction
of myocardial activity, abnormally high pulmonary values
could have been masked by relatively high myocardial val-
ues. Patients with coronary artery disease manifesting ab-
normally high levels of pulmonary thallium washout but a
normal pulmonary to myocardial thallium ratio had signif-
icantly higher myocardial values than did patients detected
by both techniques, Because ischemic changes in myo-
cardial perfusion are usually regional in nature, these rel-
atively high myocardial values could have been due to the
localized presence of nonischemic myocardium in patients
with coronary artery disease. Conceivably, other potential
causes for a localized increase in myocardial thallium ac-
tivity, such as the presence of left ventricular hypertrophy
or the so-called "hot papillary muscle," might also mask
an abnormal increase in pulmonary thallium activity when
expressed as a fraction of the myocardial activity. Another
problem associated with the analysis of the initial pulmonary
to myocardial ratio is that it does not take into account
elevations in pulmonary thallium activity that may occur as
a result of noncardiac events (such as tissue crosstalk from
the shoulder musculature [Fig. 7]). Because such increases
are relatively static over time, they are more likely to affect
a static measurement (the initial pulmonary to myocardial
thallium ratio) than a dynamic measurement (pulmonary
thallium washout).
Pulmonary thallium washout and the severity of dis-
ease. It has been reported (7) that the frequency and severity
of left ventricular dysfunction with exercise is associated
with the extent of coronary artery disease. In the present
study, both the frequency and degree of abnormal pulmo-
nary thallium washout correlated with the extent of disease.
Thus, the mean value for pulmonary thallium washout in-
Table 4. Companson of Techniques for Assessing Pulmonary Thallium Activity
Frequency of Abnormality (0/<)
Patient Group
Coronary artery
disease (n = 92)
Normal coronary
artenograms (n = 8)
Visual Analysis
54*
13
Pulmonary Myocardial Rauo
41"1-
o
Pulmonary Thallium Washout
25
*p < 0,005 VS, pulmonary myocardial ratio: t p < 001 VS, pulmonary ~haillum washout, :j: p < 0,05 VS, Visual analysis
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Table 5. Test Results in the Eight Subjects With Angiographically Normal Arteries
Rcst/Excrcise
Left Ventricular Pulmonary/Myocardial Pulmonary Myocardial
Ejection Fraction Visual Thallium Thallium Thallium
(%) Lung Score Ratio Washout Analysis
65/46* 2+ * 0.24 0.50* Abnormal
63170 0 0.26 0.38 Abnormal
69173 0 0.24 0.28 Normal
64/55* 1+ 0.19 0.31 Normal
44/58 1+ 0.24 0.35 Abnormal
60170 0 020 0.27 Abnormal
64/45* 1+ 0.20 0.46* Abnormal
52/64 0 0.15 0.33 Normal
*Abnormal values,
Figure 6. Representative stress (top) and redistribution (bottom)
anterior view images obtained using three different F stops with
our triple lens camera, illustrating how the appearance of pul-
monary thalliumactivity can vary with the degree of photographic
exposure.
creased proportionately with the number of involved coro-
nary arteries (Fig. 3). Abnormal pulmonary washout was
present in less than 50% of the patients with single vessel
disease, but in more than 70% of the patients with multi-
vessel disease.
Previously, elevation of pulmonary thallium activity has
also been highly correlated with the presence of exercise-
induced increases in pulmonary capillary wedge pressure
( I) and negatively correlated with left ventricular ejection
fraction at rest (4). In addition, we found that the degree
of pulmonary thallium washout correlated with inverse
changes in left ventricular ejection fraction during exercise.
The greater the decrease in ejection fraction with exercise,
the higher the value for pulmonary thallium washout. We
did not further compare pulmonary thallium activity to the
measurement of the pulmonary blood volume ratio in these
patients, but Wilson et al. (16) recently reported an asso-
ciation between these two variables. Combined, these an-
atomic and hemodynamic correlations strongly suggest that
the assessment of pulmonary thallium washout may serve
as a gross indirect marker for the extent of coronary artery
disease and the degree of left ventricular dysfunction with
exercise.
Combined quantitative thallium analysis of pulmo-
nary and myocardial thallium. Application of quantita-
tive analysis to the assessmentof myocardial thallium scin-
tigraphy improves the identification of individual coronary
arterystenoses(17). This method, however, does not appear
to enhance the overall detection of patients with coronary
artery disease by visual analysis (17). In this study, quan-
titative thallium analysis of myocardial scintigrams failed
to detect 16 (17%) of the 92 patients with coronary artery
disease, and of these, 9 had multivessel disease. Pulmonary
thallium washout was abnormal in 9 (55%) of these 16
patients, including 6 of the 9 patients with multivessel dis-
ease. Isolated pulmonary thallium washout abnormalities,
without myocardial abnormalities, did not occur ill any of
the subjects with angiographically normal coronaryarteries.
As this increased detection occurred primarily in patients
with multivessel disease, it may explain why the analysis
of pulmonary thallium washout did not greatly affect spec-
ificity -it is generally a marker of advanced disease. Among
the patients with coronaryartery disease studied by Boucher
et al. (I ) , the isolated finding of increased pulmonary thal-
liumactivity alsooccurred in those withmultivesseldisease.
Methodologic andother considerations. Several meth-
odologic considerations may have influenced our results,
not least of which is our method of choosing the pulmonary
region of interest. We employed a relatively small, 10 x
10 pixel, region of interest and placed it medially on the
anterior view thallium images (Fig. 2). We could have used
a larger region of interest or placed it more laterally, but
we have noticed that tissue crosstalk from the shoulder mus-
culature and other structuresappears to be a significant factor
when these other locations are employed (Fig. 7). Our method
resulted in very high interobserver and intraobserver agree-
ment. Second, the error associated with comparing counts
at stress with those at redistribution will be greater if the
count rates are very low. But even when no pulmonary
thallium activity was apparent visually, we found that sub-
stantial counts were usually present within the pulmonary
region of interest. A third consideration is the sequence of
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imaging. We used the anterior view for our analysis because
the lung is more readily visualized free of vascular overlap.
In some laboratories, however, anterior view imaging fol-
lows that in the 45° left anterior oblique view. Because
Rothendler et al. (18) observed that pulmonary thallium
activity may disappear rapidly after stress, imaging in the
anterior view first appears warranted.
Our results may have also been influenced by the use of
patients with a less than I% probability of coronary artery
disease as the reference group for defining the normal limits
of pulmonary thallium washout. Over the last few years we
noted a temporal decline in the specificityof exercise radio-
nuclide ventriculography in our laboratory, probably the
result of the preferential selection of positive test responders
for angiography (Rozanski A, Diamond G, unpublished ob-
servations). Because patients with a less than I% probability
of coronary artery disease uniformly manifest normal func-
tional responses (14) similar to volunteers, we employed
them, out of sheer practicality, to establish normal test lim-
its. As with volunteers, however. this group should not be
used to assess test specifi city (15). Because patients with a
low probability of disease form only one arbitrary, select
subgroup of the normal patient population (that is. those
who are most healthy), the frequency of test abnormality in
this group will underestimate that in the normal population
at large (15). For this reason, we were careful to use only
the angiographically normal subjects and not the less than
I% probability group for assessing the specificity of our
technique. However, because the number of angiographi-
cally normal subjects was so small in this study, more ex-
perience will be necessary to determine the true specifi city
of the technique.
Figure 7. Comparison of pulmonary thallium washout (QPTIW)
values obtained using a small , 10 X 10 pixel region of interest
(square box, top) and a wider irregular region of interest in the
anterior (ANT) view images (bottom) . The smaller region of in-
terest results ina higher pulmonary thallium washout value because
it is not affected by the more lateral concentration of pulmonary
thallium activity present at stress (ST) and redistribution (RD) as
the result of tissue crosstalk from the left shoulder musculature.
This persistent muscular activity isalso seen inthe70° left anterior
oblique (LAO) view obtained with the patient in the decubitus
position.
We would not expect the presence of abnormal pulmo-
nary thallium washout to be specifi c for coronary artery
disease. Because increased pulmonary thallium activity is
related to the presence of increased pulmonary transit time
(3) and diminished rest (4) and exercise ejection fraction,
it is likely that many other cardiac disorders associated with
poor left ventricular function, such as cardiomyopathy or
advanced valvular disease, will be associated with increased
pulmonary thallium washout. Because referral bias for cath-
eterization has also led to the observation of more angio-
graphically normal subjects with abnormal function (14), it
is likely that pulmonary thallium washout, like ejection frac-
tion, will often be abnormal in this peculiar subset of ab-
normal patients as well.
Clinical implications. Pulmonary thallium washout
provides a new means of detecting an abnormal increase in
pulmonary thallium activity, independent of myocardial
thallium-20I activity. Its measurement has three pertinent
clinical uses: I) it improves the detection of abnormality in
patients with coronary artery disease, although only mildly;
2) it provides an index of disease severity; that is, if a
728 LEVY ET AL.
PULMONARY THALLIUM WASHOUT
lACC Vol. 2, No 4
October 1983'719-28
thallium scan is associated with increased pulmonary thal-
lium washout, the patient is more likely to have multivessel
disease or left ventricular dysfunction during stress, or both;
and 3) the method is more objective than visual analysis,
with low inter- and intraobserver variability. Because pul-
monary thallium washout is both reproducible and easily
determined, its assessment should be considered as part of
the routine quantitative analysis of stress-redistribution thal-
lium scintigrams.
We are indebted to Patty Allen, Joye Nunn, Jurate Sutor and Barbara Voigt
for their editorial assistance and to Moraye Baer for statistical advice.
References
1. Boucher CA, Zir LM, Beller GA, et al. Increased lung uptake of
thallium-201 during exercise myocardial imaging: clinical, hemody-
namic and angiographic implications in patients with coronary artery
disease. Am J Cardiol 1980;46:189-96.
2. Gibson RS, Watson DO, Carabello BA, Holt NO, Beller GA. Clinical
implications of increased lung uptake of thallium-201 during exercise
scintigraphy 2 weeks after myocardial infarction. Am J Cardiol
1982;49: 1586-93.
3. Bingham 18, McKusick KA, Strauss HW, Boucher CA, Pohost GM.
Influence of coronary artery disease on pulmonary uptake of thallium-
201. Am J Cardiol 1980;46:821-6.
4. Kushner FG, Okada RD, Kirschenbaum HD. Boucher CA, Strauss
HW, Pohost GM. Lung thallium-201 uptake after stress testing in
patients with coronary artery disease. Circulation 1981;63:341-7.
5. Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, Johnston
GS. Real-time radionuchde cineangiography in the noninvasive eval-
uation of global and regional left ventricular function at rest and during
exercise in patients with coronary artery disease. N Engl J Med
1977;296:839-44.
6 Johnstone DE, Sands MT, Berger HT, et al. Comparison of exercise
radionuclide angiography and thalhum-201 myocardial perfusion In
coronary artery disease. Am J Cardiol 1980;45: 1113-9
7. Jones RH, McEwen P, Newman GE, et al. Accuracy of diagnosis of
coronary artery disease by radionuclide measurement of left ventricular
function during rest and exercise. Circulation 1981;64.586-60 I
8. Diamond GA, Forrester JS, Hirsch M, et al. Application of conditional
probability analysis to the clinical diagnosis of coronary artery disease
J Clin Invest 1980;65:1210-21.
9. DIamond G. CADENZA: Computer-assisted Diagnosis and Evaluation
of Coronary Artery DIsease (software and documentation). Seattle:
Cardiokinetics, 1979.
10. Diamond GA, Staniloff H, Forrester J, Pollack B, Swan HJC. Com-
puter-assisted diagnosis in the nonmvasive evaluation of patients WIth
suspected coronary artery disease. J Am Coli Cardiol 1983;1:444-55.
II. Rozanski A, Berman OS. Gray R, et al. Use of thallIum-201 redis-
tribution SCintigraphy in the preoperative differentiation of reversible
and nonreversible myocardial asynergy. Circulation 1981;64:936-44.
12. Rozanski A. Berman D. Gray R, et al. Preoperative prediction of
reversible myocardial asynergy by postexercise radionuclide ventric-
ulography. N Engl J Med 1982,307:212-6.
13 Garcia EV. Maddahi J. Berman OS, Waxman A. Space-time quan-
titanon of thallium-201 myocardial scmtigraphy. J Nucl Med
1981;22:309-17.
14. Rozanski A, Maddahi J, Pantaleo N. et al. Assessment of left ven-
tricular function during exercise in patients with normal coronary
arteriograms: comparison to patients WIth a very low likelihood of
coronary artery disease (abstr). Circulation 1981;64(suppl IV):IV-262.
15. Diamond GA. An improbable criterion of normality (letter). Circu-
lation 1982;66:618.
16. Wilson RA, Okada RD, Boucher CA. Strauss HW. Pohost AM.
Radionuclide-determined changes in pulmonary blood volume and
thallium lung uptake in patients WIth coronary artery disease. Am J
Cardiol 1983;51:741-8.
17. Maddahi J. Garcia EV. Berman OS. Waxman A. Swan HJC. Forrester
1. Improved noninvasive assessment of coronary artery disease by
quantitative analysis of regional stress myocardial distribution and
washout of thallium-20 I. Circulation 1981;64:924-35.
18. Rothendler JA, Okada RD, Boucher CA. Strauss HW. Pohost GM.
The effect of a delay in Imaging on the ability to measure increased
thallium uptake by the lung (abstr) Am J Cardiol 1982;49: 1002
